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(54) Film extruded from an in situ blend of ethylene copolymers

(57) A film comprising a blend of copolymers, which
has been extruded (i) to a film having a gauge of less

than about 1 .8 mils; a dart impact strength of at least

about 80 grams per mil at a density of 0.926 gram per
cubic centimeter; and a dart impact strength of at least

about 480 grams per mil at a density of 0.918 gram per

cubic centimeter and/or (ii) to a film having a gauge of

less than about 5 mils, and a blocking force of less than
about 120 grams and a COF in the range of about 0.2

to about 0.5, said blend having been produced in situ by
contacting ethylene and at least one alpha-olefin

comonomer with a magnesium/titanium based catalyst

system in each of two reactors connected in series, un-

der polymerization conditions, wherein the polymer
formed in the high molecular weight reactor has a flow

index in the range of about 0.01 to about 30 grams per
10 minutes and a density in the range of about 0.860 to

about 0.940 gram per cubic centimeter and the polymer
formed in the low molecular weight reactor has a melt
index in the range of about 50 to about 3000 grams per
10 minutes and a density in the range of about 0.900 to

about 0.970 gram per cubic centimeter, the weight ratio

of high molecular weight reactor polymer to low molec-
ular weight reactor polymer being in the range of about
0.5:1 to about 2:1 with the proviso that for film (i),

1-butene is at least one of the comonomer(s) used in

the low molecular weight reactor and is present in the

in situ blend in a weight ratio of 1-butene to the other

comonomer(s) in the range of about 0.001:1 to about
1.3:1, and for film (ii), the film is essentially free of anti-

block and slip agents.
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Description

Technicaf Field

[0001] This invention relates to film extruded from a blend of ethylene copolymers prepared in a series of polymer-
ization reactors

Background Information

[0002] There has been a rapid growth in the market for linear low density polyethylene (LLDPE), particularly resinmade under mild operating conditions; typically at pressures of 100 to 300 psi and reaction temperatures of less than
1 00* C. This low pressure process provides a broad range of LLDPE products for blown and cast film, injection molding
rotational molding, blow molding, pipe, tubing, and wire and cable applications. LLDPE has essentially a linear back-
bone with only short chain branches, about 2 to 6 carbon atoms in length. In LLDPE, the length and frequency ofis branching, and, consequently, the density, is controlled by the type and amount of comonomer used in the polymeri-
zation. Although the majority of the LLDPE resins on the market today have a narrow molecular weight distribution
LLDPE resins with a broad molecular weight distribution are available for a number of non-film applications.
[0003] LLDPE resins designed for commodity type applications typically incorporate 1 -butene as the comonomer.
The use of a higher molecular weight alpha-olefin comonomer produces resins with significant strength advantages

20 relative to those of ethylene/1 -butene copolymers. The predominant higher alpha-oletin comonomers in commercial
use are 1 -hexene, 4-methyl-1 -pentene, and 1 -octene. The bulk of the LLDPE is used in film products where the excellent
physical properties and drawdown characteristics of LLDPE film makes this film well suited for a broad spectrum of
applications. Fabrication of LLDPE film is generally effected by the blown film and slot casting processes. The resulting
film is characterized by excellent tensile strength, high ultimate elongation, good impact strength, and excellent punc-

25 ture resistance.

[0004] These properties together with toughness are enhanced when the polyethylene is of high molecular weight.
However, as the molecular weight of the polyethylene increases, the processability of the resin usually decreases. By
providing a blend of polymers, the properties characteristic of high molecular weight resins can be retained and proc-
essability, particularly the extrudability (from the lower molecular weight component) can be improved.
[0005] The blending of these polymers is successfully achieved in a staged reactor process such as those described
in United States patents 5,047,468 and 5, 1 26,398. Briefly, the process is one for the in situ blending of polymers wherein
a higher density ethylene copolymer is prepared in a high melt index reactor and a lower density ethylene copolymer
is prepared in a low melt index reactor. The process typically comprises continuously contacting, under polymerization
conditions, a mixture of ethylene and one or more alphanDlefins with a catalyst system in two reactors connected in

series, said catalyst system comprising: (i) a supported titanium based catalyst precursor; (ii) an aluminum containing
activator compound; and (iii) a hydrocarbyl aluminum cocatalyst, the polymerization conditions being such that an
ethylene copolymer having a melt index in the range of about 0. 1 to about 1 000 grams perl 0 minutes is formed in the
high melt index reactor and an ethylene copolymer having a melt index in the range of about 0.001 to about 1 gram
per 1 0 minutes is formed in the low melt index reactor, each copolymer having a density of about 0.860 to about 0.965

4o gram per cubic centimeter and a melt flow ratio in the range of about 22 to about 70, with the provisos that:

(a) the mixture of ethylene copolymer matrix and active catalyst formed in the first reactor in the series is transferred
to the second reactor in the series;

(b) other than the active catalyst referred to in proviso (a) and the cocatalyst referred to in proviso (e), no additional
45 catalyst is introduced into the second reactor;

(c) in the high melt index reactor:

( 1 ) the alpha-olefin is present in a ratio of about 0.02 to about 3.5 moles of alpha-olefin per mole of ethylene; and
(2) hydrogen is present in a ratio of about 0.05 to about 3 moles of hydrogen per mole of combined ethylene

50 and alpha-olefin;

(d) in the low melt index reactor:

(1 ) the alpha-olefin is present in a ratio of about 0.02 to about 3.5 moles of alpha-olefin per mole of ethylene; and
(2) hydrogen is, optionally, present in a ratio of about 0.0001 to about 0.5 mole of hydrogen per mole of com-
bined ethylene and alpha-olefin; and

(e) additional hydrocarbyl aluminum cocatalyst is introduced into the second reactor in an amount sufficient to
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restore the level of activity of the catalyst transferred from the first reactor to about the initial level of activity in the

70

75

first reactor.

[0006] While the in situ blends prepared as above and the films produced therefrom are found to have the advanta-geous characteristics heretofore mentioned, industry continues to seek films with characteristics tailored to particular
applications. Two such applications are grocery sacks and consumer and institutional garbage bags which require a
film of thin gauge having high dart impact strength. Another such application is exemplified by overwrap bags textilebags, yarn bags, rack and counter bags, and films on which printing is accomplished with water based inks This
application often requires film having low blocking without the addition of antiblock agents and a low coefficient of
sliding friction (COF) without the addition of slip agents.

Disclosure of the Invention

[0007] An object of this invention, therefore, is to provide a thin gauge film having high dart impact strength and/or
a film, which possesses low blocking and low COF properties.. Other objects and advantages will become apparent
hereinafter.

[0008] According to the present invention such films have been discovered, the films being extruded from an in situ
blend produced by a variation of the process outlined above. With regard to the high dart impact strength embodiment
the in situ blend contains ethylene, 1-butene, and one other alpha-olefin comonomer wherein the weight ratio of

20 1-butene to other comonomer is in the range of about 0.001:1 to about 1.3:1, and preferably in the range of about
0.001:1 to about 0.9:1. Surprisingly, it was found that for this particular in situ blend, the dart impact strength of thin
gauge film produced therefrom increases dramatically as the density decreases in the 0.926 to 0.918 gram per cubic
centimeter density range. This was unexpected particularly because even small amounts of 1-butene are known to
have a negative effect on dart impact strength.

25 [0009] Dart impact strength (also referred to as dart drop or dart drop impact resistance) is a measure of the energy
that causes a film to fail under specified conditions of impact of a free falling dart. It is determined under ASTM D-
1 709-90, and is measured in grams per mil. In testing for dart impact strength, the dart impact strength is not dependent
on the directional orientation of the film.

[0010] The film comprises a blend of copolymers, which has been extruded to a gauge of less than about 1 .8 mils,
said film having a dart impact strength of at least about 80 grams per mil at a density of 0.926 gram per cubic centimeter
and a dart impact strength of at least about 480 grams per mil at a density of 0.918 gram per cubic centimeter. The
blend for this embodiment is produced in situ by contacting ethylene and at least one alpha-olefin comonomer with a
magnesium/titanium based catalyst system in each of two reactors connected in series, under polymerization condi-
tions, wherein the polymer formed in the high molecular weight reactor is based on ethylene and alpha-olefin comon-
omer(s) having 5 to 12 carbon atoms; has a flow index in the range of about 0.01 to about 30 grams per 10 minutes;
and has a density in the range of about 0.860 to about 0.940 gram per cubic centimeter and the polymer formed in the
low molecular weight reactor is based on ethylene and alpha-olefin comonomer(s) having 3 to 1 2 carbon atoms; has
a melt index in the range of about 50 to about 3000 grams per 10 minutes; and has a density in the range of about
0.900 to about 0.970 gram per cubic centimeter, the weight ratio of high molecular weight reactor polymer to low
molecular weight reactor polymer being in the range of about 0.5:1 to about 2:1 with the proviso that 1 -butene is present
in the in situ blend in a weight ratio of 1 -butene to the other comonomer(s) in the range of about 0.001 : 1 to about 1 .3:1

.

[0011] With regard to the second embodiment, surprisingly, it was found that for a variation of the above described
in situ blend, conventional extrusion used for linear low density polyethylene (LLDPE) results in a film having low
blocking and low COF properties. The film comprises a blend of copolymers, which has been extruded to a gauge of
less than about 5 mils, said film having a blocking force of less than about 120 grams and a COF in the range of about
0.2 to about 0.5, and said blend having been produced in situ as above wherein the alpha-olefin comonomer(s) in both
reactors can have 3 to 1 2 carbon atoms; without the proviso regarding 1 -butene; and with the proviso that the film is

essentially free of antiblock and slip agents.

so Description of the Preferred Embodlment(s)

[0012] The gauge or thickness of the film, which is the subject of the first embodiment of this invention, is no greater
than about 1.8 mils, and is preferably in the range of about 0.30 to about 1.8 mils. The optimum gauge is about 1.0
mil. In addition to the thin gauge, the film is defined by its dart impact strength, and the high 1-butene content of the

55 in situ blend from which it is made. The film has a dart impact strength of at least about 80 grams per mil at a density
of 0.926 gram per cubic centimeter, and preferably at least about 30 grams per mil ai thai density, and of ai least aboui
480 grams per mil at a density of 0.918 gram per cubic centimeter, and preferably at least about 540 grams per mil at
the lower density .
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Which is the second embodiment of this invention, is less than about 5mils and is preferably in the range of about 0.30 to about 4.0 mils. In addition to the gauge, the film is defined bv ablocking force of less than about 1 20 grams and a COF in the range of about 0.2 to about 0.5. Blocking is adhesfon
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°rCe (°r the f°rce * the adhesi-> is ^"ned in'grams unTrASTM D-1 893-85. The lower the blocking force, the less the adhesion. A blocking force of less than about 1 20 orams
is necessary to avoid the need for antiblock agents. COF is the ratio of the frictional force, which arises when onesurface slides over an adjoining parallel surface, to the normal force, usually gravitational, acting perpendicular to theadjoining surfaces. The lower the COF, the easier it is for one surface to slide over the other. A COF in the ranae ofabout 0.2 to about 0.5 is necessary to avoid the need for slip agents.
[0014] As noted, the film is formed by extrusion. The extruder is a conventional one using a die, which will provide
the desired gauge. Examples of various extruders, which can be used in forming the film are the single screw type
modified with a blown film die and air ring and continuous take off equipment. A typical single screw type extruder can
be described as one having a hopper at its upstream end and a die at its downstream end. The hopper feeds into a
barrel, which contains a screw. At the downstream end, between the end of the screw and the die, is a screen packand a breaker plate. The screw portion of the extruder is considered to be divided up into three sections, the feed
section, the compression section, and the metering section, and multiple heating zones from the rear heating zone to
the front heating zone, the multiple sections and zones running from upstream to downstream. If it has more than one
barrel, the barrels are connected in series. The length to diameter ratio of each barrel is in the range of about 16:1 to
about 30:1. The extrusion can take place at temperatures in the range of about 175 to about 280 degrees C, and is
preferably carried out at temperatures in the range of about 1 90 to about 250 degrees C.
[0015] The blend, which is used in the extruder, is produced in two staged reactors connected in series wherein a
mixture of resin and catalyst precursor is transferred from the first reactor to the second reactor in which another
copolymer is prepared and blends in situ with the copolymer from the first reactor.

[0016] The copolymers produced in each of the reactors are copolymers of ethylene and at least one alphaolefin
comonomer. The relatively high molecular weight copolymer is produced in what is referred to as the high molecular
weight reactor, and the relatively low molecular weight copolymer is produced in what is referred to as the low molecular
weight reactor. In the first embodiment (dart impact strength), 1- butene is used in the low molecular weight reactor.
The alpha-olefin comonomer(s), which can be present in the high molecular weight reactor, can have 5 to 1 2 carbon
atoms, and preferably 5 to 8 carbon atoms. The alphaolefin comonomer(s), which can be present in the low molecular
weight reactor, can have 3 to 12 carbon atoms, and preferably 3 to 8 carbon atoms. The alpha-olefins are exemplified
by propylene, 1 -butene, 1 -hexene, 4-methyl-1 -pentene, or 1 -octene with the proviso that the 1 -butene is present in the
blend in a weight ratio of 1 -butene to the other comonomer of about 0.001 : 1 to about 1 . 3: 1 , and preferably about 0.001

:

1 to about 0.9:1. In the second embodiment (anti-block and COF), alpha-olefin comonomer(s) having 3 to 1 2 carbon
atoms

,
preferably 3 to 8 carbon atoms, can be used in either reactor, and 1 -butene is not required. Therefore, in this

embodiment, any of the aforementioned comonomers can be used in either reactor.

[001 7] Preferred first embodiment comonomer combinations:

high mol wt reactor low mol wt reactor

1 -hexene 1 -butene

[0018] Preferred second embodiment comonomer combinations are the same as above together with 1 -butene/
1 -butene; 1 -butene/1 -hexene; and 1 -hexene/1 -hexene combinations.

[0019] The 1 -hexene/1 -butene combination is found to provide acceptable properties while still meeting FDA spee-
ds ifications since a terpolymer increases the FDA allowable comonomer content, e.g., for a 1 -hexene copolymer, the

maximum allowable comonomer content is 10 percent by weight whereas for a 1 -hexene/1 -butene terpolymer, the
maximum allowable comonomer content is 1 5 percent by weight. For FDA purposes, a 1 -hexene/1 -butene combination
is considered a terpolymer.

[0020] It will be understood that the in situ blend can be characterized as a bimodal resin. The properties of bimodal
so resins are strongly dependent on the proportion of the high molecular weight component, i.e., the low melt index com-

ponent. For a staged reactor system, the proportion of the high molecular weight component is controlled via the relative

production rate in each reactor. The relative production rate in each reactor can, in turn, be controlled by a computer
application program, which monitors the production rate in the reactors (measured by heat balance) and then manip-
ulates the ethylene partial pressure in each reactor and catalyst feed rate in order to meet the production rate, the

55 production rate split, and catalyst productivity requirements.

[0021] The maqnesium/titanium based catalyst system can be exemplifi«d hy the catalyst system described in United
States patent 4,302,565 although the precursor is preferably unsupported. Another preferred catalyst system is one
where the precursor is formed by spray drying and used in slurry form. Such a catalyst precursor, for example, contains
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titanium, magnesium, and aluminum halides, and an electron donor, and is attached to the surface of silica The pre-
cursor is then introduced into a hydrocarbon medium such as mineral oil to provide the slurry form See United States
patent 5,290,745.

[0022] The electron donor, if used in the catalyst precursor, is an organic Lewis base, liquid at temperatures in the
range of about 0°C to about 200° C, in which the magnesium and titanium compounds are soluble. The electron donor
can be an alkyl ester of an aliphatic or aromatic carboxylic acid, an aliphatic ketone, an aliphatic amine, an aliphatic
alcohol, an alkyl or cycloalkyl ether, or mixtures thereof, each electron donor having 2 to 20 carbon atoms. Among
these electron donors, the preferred are alkyl and cycloalkyl ethers having 2 to 20 carbon atoms; dialkyl, diaryl, and
alkylaryl ketones having 3 to 20 carbon atoms; and alkyl, alkoxy, and alkylalkoxy esters of alkyl and aryl carboxylic
acids having 2 to 20 carbon atoms. The most preferred electron donor is tetrahydrofuran. Other examples of suitable
electron donors are methyl formate, ethyl acetate, butyl acetate, ethyl ether, dioxane, di-n-propyl ether, dibutyl ether,
ethyl formate, methyl acetate, ethyl anisate, ethylene carbonate, tetrahydropyran, and ethyl propionate.
[0023] While an excess of electron donor is used initially to provide the reaction product of titanium compound and
electron donor, the reaction product finally contains about 1 to about 20 moles of electron donor per mole of titanium
compound and preferably about 1 to about 10 moles of electron donor per mole of titanium compound.
[0024] An activator compound, which is generally used with any of the titanium based catalyst precursors, can have
the formula AIRaXbHc wherein each X is independently chlorine, bromine, iodine, or OR'; each R and R' is independently
a saturated aliphatic hydrocarbon radical having 1 to 1 4 carbon atoms; b is 0 to 1 .5; c is 0 or 1 ; and a+b+c = 3. Preferred
activators include alkylaluminum mono- and dichlorides wherein each alkyl radical has 1 to 6 carbon atoms and the
trialkylaluminums. A particularly preferred activator is a mixture of diethylaluminum chloride and tri-n-hexylaluminum.
About 0.1 0 to about 1 0 moles, and preferably about 0. 1 5 to about 2.5 moles, of activator are used per mole of electron
donor. The molar ratio of activator to titanium is in the range of about 1:1 to about 10:1 and is preferably in the range
of about 2: 1 to about 5: 1

.

[0025] The hydrocarbyl aluminum cocatalyst can be represented by the formula R3AI or R2AIX wherein each R is

25 independently alkyl, cycloalkyl, aryl, or hydrogen; at least one R is hydrocarbyl; and two or three R radicals can be
joined to form a heterocyclic structure. Each R, which is a hydrocarbyl radical, can have 1 to 20 carbon atoms, and
preferably has 1 to 10 carbon atoms. X is a halogen, preferably chlorine, bromine, or iodine. Examples of hydrocarbyl
aluminum compounds are as follows: triisobutylaluminum, tri-n-hexylaluminum, di-isobutyl-aluminum hydride, dihexy-
laluminum dihydride, di-isobutyJ-hexylaluminum, isobutyl dihexylaluminum, trimethyl-aluminum, triethylaluminum,

30 tripropylaluminum, triisopropylaiuminum, tri-n-butylaluminum, trioctyialuminum, tridecylaluminum, tridodecylalumi-
num, tribenzylaluminum, triphenylaluminum, trinaphthylaluminum, tritolylaluminum, dibutyialuminum chloride, diethy-
laluminum chloride, and ethylaluminum sesquichloride. The cocatalyst compounds can also serve as activators and
modifiers.

[0026] As noted above, it is preferred not to use a support. However, in those cases where it is desired to support
35 the precursor, silica is the preferred support. Other suitable supports are inorganic oxides such as aluminum phosphate,

alumina, silica/alumina mixtures, silica modified with an organoaluminum compound such as triethylaluminum, and
silica modified with diethyl zinc. A typical support is a solid, particulate, porous material essentially inert to the polym-
erization. It is used as a dry powder having an average particle size of about 10 to about 250 microns and preferably
about 30 to about 100 microns; a surface area of at least 200 square meters per gram and preferably at least about

40 250 square meters per gram; and a pore size of at least about 100 angstroms and preferably at least about 200
angstroms. Generally, the amount of support used is that which will provide about 0.1 to about 1 .0 millimole of titanium
per gram of support and preferably about 0.4 to about 0.9 millimole of titanium per gram of support. Impregnation of

the above mentioned catalyst precursor into a silica support can be accomplished by mixing the precursor and silica

gel in the electron donor solvent or other solvent followed by solvent removal under reduced pressure. When a support
45 is not desired, the catalyst precursor can be used in liquid form.

[0027] Activators can be added to the precursor either before and/or during polymerization. In one procedure, the
precursor is fully activated before polymerization. In another procedure, the precursor is partially activated before po-
lymerization, and activation is completed in the reactor. Where a modifier is used instead of an activator, the modifiers
are usually dissolved in an organic solvent such as isopentane and, where a support is used, impregnated into the

so support following impregnation of the titanium compound or complex, after which the supported catalyst precursor is

dried. Otherwise, the modifier solution is added by itself directly to the reactor. Modifiers are similar in chemical structure

and function to the activators. For variations, see, for example, United States patent 5,106,926. The cocatalyst is

preferably added separately neat or as a solution in an inert solvent, such as isopentane, to the polymerization reactor

at the same time as the flow of ethylene is initiated.

ss [0028] United States patent 5,106,926 provides another example of a magnesium/titanium based catalyst system
comprising:

(a) a catalyst precursor having the formula MgdTi(OR)eX f
(ED)

g
wherein R is an aliphatic or aromatic hydrocarbon
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radical having 1 to 1 4 carbon atoms or COR wherein R' is a aliphatic or aromatic hydrocarbon radical having 1 to
14 carbon atoms; each OR group is the same or different; X is independently chlorine, bromine or iodine- ED is
an electron donor; d is 0.5 to 56; e is 0, 1 , or 2; f is 2 to 116; and g is 1 .5d+2;
(b) at least one modifier having the formula BX3 or AIR

(3 . e)Xe wherein eachR is alky! or aryl and is the same or
different, and X and e are as defined above for component (a)

wherein components (a) and (b) are impregnated into an inorganic support; and
(c) a hydrocarbyl aluminum cocataiyst

[0029] The precursor is prepared from a titanium compound, a magnesium compound, and an electron donor. Tita-
nium compounds, which are useful in preparing these precursors, have the formula "FifOR)^ wherein R, X, and e are
as defined above for component (a); h is an integer from 1 to 4; and e+h is 3 or 4. Examples of titanium compounds
are TiCI3 ,

TiCI4 ,
Ti(OC2H5) 2Br2 ,

Ti(OC6Hs)
Cl3 ,

Ti(OCOCH3 ) Cl3 . and Ti(OCOC6H5 )
Cl3 . The magnesium compounds

include magnesium halides such as MgCI2 ,
MgBr2 , and Mgl2 . Anhydrous MgCI2 is a preferred compound. About 0.5

to 56, and preferably about 1 to 10, moles of the magnesium compounds are used per mole of titanium compounds,w [0030] The electron donor, the support, and the cocataiyst are the same as those described above. As noted, the
modifier can be similar in chemical structure to the aluminum containing activators. The modifier has the formulaBX3
or AIR

(3.e)X6 wherein each R is independently alkyl having 1 to 14 carbon atoms; each X is independently chlorine,
bromine, or iodine; and e is 1 or 2. One or more modifiers can be used. Preferred modifiers include alkylaluminum
mono- and dichlorides wherein each alkyl radical has 1 to 6 carbon atoms; boron trichloride; and the trialkylaluminums.

20 About 0.1 to about 10 moles, and preferably about 0.2 to about 2.5 moles, of modifier can be used per mole of electron
donor. The molar ratio of modifier to titanium can be in the range of about 1:1 to about 10:1 and is preferably in the
range of about 2:1 to about 5:1

.

[0031] The entire catalyst system, which includes the precursor or activated precursor and the cocataiyst, is added
to the first reactor. The catalyst is admixed with the copolymer produced in the first reactor, and the mixture is transferred

2& to the second reactor. Insofar as the catalyst is concerned, only cocataiyst is added to the second reactor from an
outside source.

[0032] The polymerization in each reactor is, preferably, conducted in the gas phase using a continuous fluidized
process. A typical fluidized bed reactor is described in United States patent 4,482,687.

[0033] A relatively low melt index (or high molecular weight) copolymer is preferably prepared in the first reactor,
30 and the relatively high melt index (or low molecular weight) copolymer is prepared in the second reactor. This can be

referred to as the forward mode. Alternatively, the relatively low molecular weight copolymer can be prepared in the
first reactor and the relatively high molecular weight copolymer can be prepared in the second reactor. This can be
referred to as the reverse mode.
[0034] The first reactor is generally smaller in size than the second reactor because only a portion of the final product

35
js made in the first reactor. The mixture of polymer and an active catalyst is usually transferred from the first reactor
to the second reactor via an interconnecting device using nitrogen or second reactor recycle gas as a transfer medium.
[0035] In the high molecular weight reactor:

[0036] Because of the low values, instead of melt index, flow index is determined and those values are used in this

specification. The flow index can be in the range of about 0.01 to about 30 grams per 10 minutes, and is preferably in

*o the range of about 0.2 to about 1.0 gram per 10 minutes. The molecular weight of this polymer is, generally, in the

range of about 425,000 to about 480,000. The density of the copolymer is at least 0.860 gram per cubic centimeter,

and is preferably in the range of 0.900 to 0.930 gram per cubic centimeter. The melt flow ratio of the polymer can be
in the range of about 20 to about 70, and is preferably about 22 to about 45.

[0037] Melt index is determined under ASTM D-1238, Condition E. It is measured at 190°C and 2.16 kilograms and
45 reported as grams per 10 minutes. Flow index is determined under ASTM D-1238, Condition F. It is measured at 1 90°C

and 10 times the weight used in determining the melt index, and reported as grams per 10 minutes. Melt flow ratio is

the ratio of flow index to melt index.

[0038] In the low molecular weight reactor:

[0039] A relatively high melt index (or low molecular weight) copolymer is prepared in this reactor. The high melt
50 index can be in the range of about 50 to about 3000 grams per 10 minutes, and is preferably in the range of about 100

to about 1500 grams per 10 minutes. The molecular weight of the high melt index copolymer is, generally, in the range

of about 1 4,000 to about 30,000. The density of the copolymer prepared in this reactor can be at least 0.900 gram per

cubic centimeter, and is preferably in the range of 0.905 to 0.945 gram per cubic centimeter. The melt flow ratio of this

copolymer can be in the range of about 20 to about 70, and is preferably about 20 to about 45.
5s [0040] The blend or final product, as removed from the second reactor, can have a flow index in the range of about

5 to about 45 grams per 10 minutes, and preferably has a flow index in the range of about G to about 20 grams per 10

minutes. The melt flow ratio can be in the range of about 75 to about 185. The molecular weight of the final product

is, generally, in the range of about 200,000 to about 375,000. The density of the blend can be at least 0.908 gram per

6
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cubic centimeter, and is preferably in the range of 0.910 to 0.930 gram per cubic centimeter.
[0041] The blend has a broad molecular weight distribution which can be characterized as bimodal The broad mo-lecular weight distribution is reflected in an Mw/Mn ratio of about 1 2 to about 44, preferably about 1 3 to about 40 Mw
is the weight average molecular weight; Mn is the number average molecular weight; and the Mw/Mn ratio can be

InnlT ^S Po|yd,sPerslty lnde*. which is a measure of the breadth of the molecular weight distribution
[0042] The weight ratio of copolymer prepared in the high molecular weight reactor to copolymer prepared in the lowmo ecufar weight reactor can be in the range of about 0.5:1 to about 2:1. For the first embodiment, the weight ratio is
preferably in the range of about 1:1 to about 1.6:1, and the optimum weight ratio is about 1.4:1. For the second em-
bodiment, the weight ratio is preferably in the range of about 0.67:1 to about 1.63:1, and the optimum weight ratio is
in the range of about 1 .08: 1 to about 1 . 38: 1 .

y

[0043] The magnesium/titanium based catalyst system, ethylene, alpha-olefin, and hydrogen are continuously fed
into the first reactor; the polymer/catalyst mixture is continuously transferred from the first reactor to the second reactor
ethylene, alpha-olefin, and hydrogen, as well as cocatalyst are continuously fed to the second reactor The final product
is continuously removed from the second reactor.

is [0044] In the low melt index, as reflected in flow index, reactor:

[0045] The mole ratio of alpha-olefin to ethylene can be in the range of about 0.05:1 to about 0 4 1 and is preferably
in the range of about 0.09:1 to about 0.26:1. The mole ratio of hydrogen (if used) to ethylene can be in the range of
about 0.000 1 :

1
to about 0. 3: 1 ,

and is preferably in the range of about 0.001 : 1 to about 0. 1 8: 1 . The operating temperature
is generally in the range of about 60° C to about 100° C. Preferred operating temperatures vary depending on the
density desired, i.e., lower temperatures for lower densities and higher temperatures for higher densities.
[0046] In the high melt index reactor:

[0047] The mole ratio of alpha-olefin to ethylene can be in the range of about 0.1:1 to about 0.6:1 , and is preferably
in the range of about 0.2:1 to about 0.45:1 The mole ratio of hydrogen to ethylene can be in the range of about 1:1 to
about 2.5: 1 ,

and is preferably in the range of about 1 .7:1 to about 2.2: 1 . The operating temperature is generally in the
range of about 70° Cto about 100° C. As mentioned above, the temperature is preferably varied with the desired density.
[0048] The pressure is generally the same in both the first and second reactors. The pressure can be in the range
of about 200 to about 450 psi and is preferably in the range of about 280 to about 350 psig.
[0049] A typical fluidized bed reactor can be described as follows:

[00S0] The bed is usually made up of the same granular resin that is to be produced in the reactor. Thus, during the
course of the polymerization, the bed comprises formed polymer particles, growing polymer particles, and catalyst
particles fluidized by polymerization and modifying gaseous components introduced at a flow rate or velocity sufficient
to cause the particles to separate and act as a fluid. The fluidizing gas is made up of the initial feed, make-up feed,
and cycle (recycle) gas, i.e., comonomers and, if desired, modifiers and/or an inert carrier gas.
[0051] The essential parts of the reaction system are the vessel, the bed, the gas distribution plate, inlet and outlet
piping, a compressor, cycle gas cooler, and a product discharge system. In the vessel, above the bed, there is a velocity
reduction zone, and, in the bed, a reaction zone. Both are above the gas distribution plate.

[0052] Conventional additives, which can be introduced into the blend, are exemplified by antioxidants, ultraviolet
absorbers, antistatic agents, pigments, dyes, nucleating agents, fillers, slip agents, fire retardants, plasticizers, process-
ing aids, lubricants, stabilizers, smoke inhibitors, viscosity control agents, and crosslinking agents, catalysts, and boost-

4o ers, tackifiers, and anti-blocking agents. Aside from the fillers, the additives can be present in the blend in amounts of
about 0.1 to about 10 parts by weight of additive for each 100 parts by weight of polymer blend. Fillers can be added
in amounts up to 200 parts by weight and more for each 100 parts by weight of the blend.

[0053] Advantages of the first embodiment of the invention lie in the high dart impact strength at densities in the
range of 0.91 8 to 0.926 gram per cubic centimeter in an in situ blend of resins containing significant amount of 1 -butene.

45 The blends can be extruded on a standard LLDPE line with a wide die gap, e.g., of about 100 mils, andean be processed
in the pocket mode. Alternatively, the film can be processed on the same line from a narrow die gap in the pocket
mode, or on the same line from a wide or narrow die gap, but in a high stalk mode in a similar manner to the processing
of high density polyethylene(HDPE). Advantages of the second embodiment lie in that the blocking and COF properties
of the film are so low that the use of antiblock and slip agents can be avoided.

so [0054] Patents mentioned in this specification are incorporated by reference herein.

[0055] The invention is illustrated by the following examples.

20

25

30

35

55

Examples i to IV

[0056] The preferred catalyst system is one where the precursor is formed by spray drying and is used in slu rry form.
Such a catalyst precursor, for example, contains titanium, magnesium, and aiuminum haiides, and an electron donor,
and is attached to the surface of silica. The precursor is then introduced into a hydrocarbon medium such as mineral
oil to provide the slurry form. See United States patent 5,290,745 (' 745). The catalyst composition and method of
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preparing same used in these examples is of the same composition and preparation method as examole i of 7arexcept that diethylaluminum chloride and tri-n-hexylaluminum are not used
P 45

[0057] Polyethylene is produced using the following standard procedure. With respect to reaction conditions the

l^SZZZS "T Tabl6
H^I

3
" fMm Pr°PertieS

-

EaCh™»> is withTorTabTe
[0058] Ethylene is copolymer.zed with 1 -hexene and 1 -butene. Triethylaluminum (TEAL) cocatalyst is added to eachreactor during polymerization as a 5 weight percent solution in isopentane. The pressure in each reactor is 300 psia^«P0^nenZafl0n iS continuous,y conducted after equilibrium is reached under conditions set forth in the Tables

*

[0059] Polymerization is initiated in the first reactor by continuously feeding the above catalyst precursor and cocat-
alyst tnethylaluminum (TEAL), and into a fluidized bed of polyethylene granules together with ethylene, 1 -hexene andhydrogen. The TEAL is first dissolved in isopentane (5 percent by weight TEAL). The resulting copolymer mixed with
active catalyst is withdrawn from the first reactor and transferred to the second reactor using nitrogen as a transfermedium. The second reactor also contains a fluidized bed of polyethylene granules. Ethylene, 1 -butene, and hydrogen
are introduced into the second reactor where they come into contact with the copolymer and catalyst from the first
reactor. Additional cocatalyst is also introduced. The product blend is continuously removed.

EXAMPLE l/TABLE I

reaction conditions first reactor second reactor final product
temperature(° C) 62 85
pressure(psia) 300 300
C2 partial pressure(psia) 28.5 48
H2/C2 molar ratio 0.0008 1.82
comonomer/C2 molar ratio 0.19 0.20
catalyst precursor feed rate(cc/hr) 5,500
TEAL feed rate (cc/hr) 240 240
production rate (Ibs/hr) 27.9 15.7
bed weight(lbs) 80 110
bed volume (cubic feet) 5.88 7.22
residence time (hrs) 2.87 2.52
space/time yield (Ibs/hr/cu ft) 4.74 2.18
recycle isopentane (mol %) 6.1

isopentane feed rate(Ibs/hr) 3.5

resin properties

flow index (g/10 min) 0.7 9.2
melt index (g/10 min) 500
density(g/cc) 0.902 0.934 0.9182
residual titanium(ppm) 3.31 2.14

bulk density (Ibs/cu ft) 20.3 22.75
average particle size(inch) 0.0185 002
split (% by wt) 62 38
weight ratio of 1 -butene to 1 -hexene 0.22

molecular weight distribution

Mw 304,000
Mn 14,340
Mw/Mn 21.2

C13 NMR

ethyl branches (wt%)

butyl branches (wt%)
1.98

9.02

key film properties:

COF static

induced film blocking(1 kg at 60° C for 1 day (grams)

dart impact strength (grams), A Scale

0.46

25

845
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EXAMPLE I l/TABLE II

reaction conditions first reactor second reactor finai product
temperature(° C) 70
pressure (psia) 305 300
C2 partial pressure(psia) 25 49.5
H2/C2 molar ratio 0.009 1.8
comonomer/C2 molar ratio 0.195 0.222
catalyst precursor feed rate(cc/hr) 7000

i cal reeo rate (cc/nr) 240 240
production rate (Ibs/hr) 29.6 16.7
bed weight(lbs) 80 110
bed volume (cubic feet) residence time (hrs) 5.69 2.70 7.14 2.38
spaceAime/yieid (Ibs/hr/cu ft) 5.21 2.34
recvcls isonpntflno (mnl 6.2
isopentane feed rate(lbs/hr) 3.5

resin properties

flow index (g/10 min) 1.0 14.0
melt index fo/10 mirO 500
density(g/cc) 0.903 0.934 0.920
residual titanium(ppm) 3.725 2.35
bulk density (Ibs/cu ft) 21 23
average particle size(inch) 0.0185 0.0018

60 40
weight ratio of 1 -butene to 1 -hexene 0.24

molecular weight distribution

Mw 284,000
Mn 14,900
Mw/Mn

19.1

C13 NMR

ethyl branches (wt%) 1.94
butyl branches (wt%) 8.17

key film properties:

COF static 0.41
induced film blocking(1 kg at 60° for 1 day) (grams) less than 10
dart impact strength (grams), A Scale 254

EXAMPLE HI/TABLE III

reaction conditions first reactor second reactor final product

temperature^ C) 87 83
pressure (psia) 262 272
C2 partial pressure(psia) 21.2 69.2

H2/C2 molar ratio 0.002 1.71

comonomer/C2 molar ratio 0.149 0.349
catalyst precursor feed rate(Ibs/hr) 12.9

TEAL feed rate (Ibs/hr) 83 48
ethylene feed (Ibs/hr) 17,950 11,710
1 - butene feed (Ibs/hr) 1,825

9
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EXAMPLE HI/TABLE III (continued)

reaction conditions first reactor second reactor final product
1 -hexene feed (Ibs/hr)

"

1,600
5 hydrogen feed (Ibs/hr) > 71

superficial gas velocity (ft/sec) 2.01 1.88
catalyst productivity (lbs/lb) 1527 2,519
production rate (Ibs/hr)

1 9,700 12,950

10
bed weight(lbs) 56,000 71,000
bed level (ft) 38.5 40.4
residence time (hrs) 2.85 2. 18
space/time/yield (Ibs/hr/cu ft) o.o o.25

15

resin properties

flow index (g/10 min) 0.42 8.9
high iiiuca ^y/ \vj r ti lit

^

700
density(g/cc) 0.915 0.929 0.923
residual titanium(ppm)-calculated 3.92 2.37

20 split (% by wt) 60.5 39.5 Z"
weight ratio of 1 -butene to 1 -hexene 0.8

molecular weight distribution

Mw 356,400
25 Mn 9,100

Mw/Mn 39.1

C13 NMR

ethyl branches (wt%) 4.26
30 butyl branches (wt%) 5.32

key film properties:

COF static 0.21

35
induced film blocking(1 kg at 60° C for 1 day) (grams) less than 1

0

dart impact strength (grams), A Scale 175

EXAMPLE IV/TABLE IV

reaction conditions first reactor second reactor final product

temperature(° C) 70 85
pressure (psia) 305 300
C2 partial pressure(psia) 35 62
H2/C2 molar ratio 0.027 1.86

comonomer/C2 molar ratio 0.12 0.51

catalyst precursor feed rate(cc/hr) 5,000

TEAL feed rate (cc/hr) 240 240
production rate (Ibs/hr) 31.4 19.2

bed weight(lbs) 80 110
bed volume (cubic feet) 6.82 8.42

residence time (hrs) 2.55 2.17

space/time/yield (Ibs/hr/cu ft) 4.60 2.28

recycle isopentane (mol%) 6.1

isopentane feed rate(lbs/hr) 3.5

10
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EXAMPLE IV/TABLE IV (continued)

reaction conditions first reactor second reactor final product

5
resin properties

flow index (g/10 min) 0.55 11.4
melt index (g/10 min) 500
ensity(g/cc) 0.919 0.932 0.926
residual titanium(ppm)

1.735
10 bulk density (Ibs/cu ft) 19.5

average particle size(inch) 0.025 0.026
split (% by wt) 61 39
weight ratio of 1 -butene to 1-hexene 0.88

15 molecular weight distribution

Mw
264,800

Mn
14,150

Mw/Mn
18.7

20 C13 NMR

ethyl branches (wt%) 3.54
butyl branches 4.03

key film properties:

25 COF static 0.29
induced film blocking^ kg at 60° C for 1 day) (grams) less than 1

0

dart impact strength (grams) A Scale 95

30
EXAMPLE V/TABLE V

reaction conditions first reactor second reactor final product

temperature(° C) 70 85
pressure (psia) 305 300
C2 partial pressure(psia) 33.5 60
H2/C2 molar ratio 0.045 2
comonomer/C2 molar ratio 0.25 0.20
catalyst precursor feed rate(cc/hr) 11,000

TEAL feed rate (cc/hr) 240 240
production rate (Ibs/hr) 31.9 23.1

bed weight(lbs) 80 110
bed volume (cubic feet) 7.96 8.21

residence time (hrs) 2.51 2.00
space/time yield (Ibs/hr/cu ft) 4.01 2.81

resin properties

flow index (g/10 min) 6.4 125
melt index (g/10 min) 1

density(g/cc) 0.9025 0.9241 0.9241
residual titanium(ppm) 4.57 2.66

bulk density (Ibs/cu ft) 15 20
average particle size(inch) 0.031 0.024

molecular weight distribution

Mw 153,000

11
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EXAMPLE WTABLE V (continued)

reaction conditions first reactor second reactor final product
molecular weight distribution

Mn
Mw/Mn

11,000

13.8

key film properties:

COF static

induced film blocking (1 kg at 60° C for 1 day/ 30 days) (grams)
0.49

58/119

Notes to Tables:

75 £°060]

1
.

Values for the second reactor are theoretical values based on the assumption that the second reactor copolymer
is produced independently.

2. In examples I to IV the films are extruded in a 1 .5 inch Sterling™ blown film extruder having a 100 mil die gap;
20 a 3 inch die; and a L/D ratio of 24:1. The extruder is operated at a die rate of 2.5 pounds/hour/inch; at a melt

temperature profile of 440° F; and a blow up ratio of 2:1. A one mil film is produced. In example V, the film is
extruded in a 3.5 inch Gloucester™ 24:1 UD 6 inch blown film extruder having a 35 mil die gap. The extruder is

operated at a die rate of 8 pounds/hour/inch; at a melt temperature profile of 400° C; and a blow up ratio of 2.6.
3. Density is measured by producing a plaque in accordance with ASTM D-1928, procedure C, and then testing

2s as is via ASTM D-1505.

4. Melt flow ratio is the ratio of flow index to melt index.

5. The molecular weight distribution is performed via Size Exclusion Chromatography using a Waters ™ 1 50C with
trichlorobenzene as solvent at 140 degrees C with a broad molecular weight distribution standard and broad mo-
lecular weight distribution calibration method.

30 6. COF static is determined in accordance with ASTM D-1894. The static or starting COF (coefficient of friction)
is related to the force required to begin movement of the surfaces relative to each other. It is selected over COF
kinetic, which measures the force needed to sustain this movement, the values for COF kinetic being less than
the values for COF static.

7. Induced film blocking is determined in accordance with ASTM D-1893.

3S 8. The dart impact strength (dart drop) is determined in accordance with ASTM D-1709. Note the substantial
increase in dart impact strength from the 0.926 g/cc density in example IV to the 0.9182 g/cc density in example I.

9. Die rate is defined as pounds per hour per inch of die circumference.

10. Frost line height is that distance of of the base of the die during which the polymer undergoes a phase trans-
formation from a viscous liquid to a solid.

40 11. Blow up ratio is the ratio of the bubble diameter to the die diameter.

Claims

45 1. A film comprising a blend of copolymers, which has been extruded to a film having a gauge of less than about 5
mils; and a blocking force of less than about 120 grams and a COF in the range of from 0.2 to 0.5, said blend
having been produced in situ by contacting ethylene and at least one alpha-olefin comonomer with a magnesium/
titanium based catalyst system in each of two reactors connected in series, under polymerization conditions, where-
in the polymer formed in the high molecular weight reactor has a flow index in the range of from 0.01 to 30 grams

50 per 1 0 minutes and a density in the range of from 0.860 to 0.940 gram per cubic centimeter and the polymer formed
in the low molecular weight reactor has a melt index in the range of from 50 to 3000 grams per 10 minutes and a
density in the range of from 0.900 to 0.970 gram per cubic centimeter, the weight ratio of high molecular weight
reactor polymer to low molecular weight reactor polymer being in the range of from 0.5:1 to 2:1 with the proviso

that the alpha-olefin comonomer(s) used in either reactor have 3 to 1 2 carbon atoms, and the film is essentially

55 free of antiblock and slip agents.

2. A film as claimed in claim 1 wherein the polymer formed in the high molecular weight reactor has a flow index in

the range of from 0.25 to 12 grams per 10 minutes and a density in the range of 0.900 to 0.930 gram per cubic

12
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t"?inn
ter^ the P°,ymer formed in the ,ow molecular weight reactor has a melt index in the range «.f from 50to 1500 grams per 10 m.nutes and a density in the range of 0.905 to 0.955 gram per cubic centimeter.

A film as claimed in claim 1 wherein the blend has a flow index in the range of from 5 to 1 65 grams per 1 0 minutes'

l h IT/m
i0 ^ °f fr°m 65 10 1 85: 3 d6nSrty in thG fan9e of 0 910 to ° per cubic centimete^and an Mw/Mn ratio in the range of from 12 to 44.

'

A film as claimed in claim 2 which has been extruded to a gauge in the range of from 0.3 to 1.8 mils said filmhaving a blocking force of less than about 120 grams and a COF in the range of from 0.2 to 0 5 and the weight
ratio of high molecular weight reactor polymer to low molecular weight reactor polymer is in the range of from 0 54
1 to 1 .86:1

,

with the proviso that one of the comonomers in the high molecular weight reactor is 1 -hexene and one
of the comonomers in the low molecular weight reactor is 1 -butene and the film is essentially free of antiblock and
slip agents.

A film as claimed in claim 4 wherein the blend is produced under the following conditions:

(i) in the high molecular weight reactor: the mole ratio of 1 -hexene to ethylene is in the range of from 0.05:1
to0.4:1 and the mole ratio of hydrogen to ethylene is in the range of from 0.001 :1 to 0.18:1 and
(ii) in the low molecular weight reactor: the mole ratio of 1-butene to ethylene is in the range of from 0.1 :1 to
0.6:1 and the mole ratio of hydrogen to ethylene is in the range of from 1.0:1 to 2.5:1.

13



This Page is Inserted by IFW Indexing and Scanning

Operations and is not part of the Official Record

Defective images within this document are accurate representations of the original

documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

BLACK BORDERS

IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

FADED TEXT OR DRAWING

SKEWED/SLANTED IMAGES

COLOR OR BLACK AND WHITE PHOTOGRAPHS

GRAY SCALE DOCUMENTS

LINES OR MARKS ON ORIGINAL DOCUMENT

REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image
problems checked, please do not report these problems to

the IFW Image Problem Mailbox.

BEST AVAILABLE IMAGES

BLURRED OR ILLEGIBLE TEXT OR DRAWING


